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Introduction: Limestone and dolomite are common target materials for large
terrestrial impacts such as Chicxulub; therefore, the shock behavior of calcite and
dolomite is important in understanding the KT-event and other impacts with carbonate
platform sediments in their target(s). An understanding of detailed carbonate shock
behavior should also help constrain the timing of shock events to which carbonate
containing meteorites (e.g. ALH84001) have been subjected [1]. Most interest in shocked
carbonate focuses on issues of devolatilization to quantify the liberation of CO, and to
thereby gain some understanding of its role in generating a temporary atmosphere and
subsequent effects on climate and biota[2,3,4]. Shock recovery experiments for calcite
yield seemingly conflicting results: the majority of experimental devolatilization studies [5]
suggest that calcite is substantially ( > 50%) outgassed at 30 GPa, yet the petrographic
work of Martinez et al. [6] presents evidence that essentially intact calcite and dolomite
are recovered from 45 and 60 GPa shocks, respectively.

Our x-ray diffraction (XRD) study of experimental shock effects in l[imestone and
dolomite support the decarbonation pressure thresholds of Martinez et a. Shock
experiments to 60 GPa on calcite and dolomite produce sharp peaks on x-ray
diffractograms indicating the materials retain their crystalline structure. It may be possible
to use interna lattice strain data obtained from unshocked and shocked samples by XRD
to develop pressure scales of shock effectsin carbonate and dolomite.

Experimental Methods: Target charges consisting of solid limestone and
dolomite discs were packed into stainless stedl targets and shocked in the Johnson Space
Center Experimental Impact Laboratory. Equations of state are known for both the target
and projectile in which caseit is necessary to measure only the impact velocity of the
projectile and to use a graphical technique to determine the peak shock pressure[7]. The
recovered materials sieved to < 500 mm were grain mounted for XRD analysis. One
unshocked reference sample and three shocked equivaents of both limestone and
dolomite were examined. Data were collected on a Scintag XDS 2000 diffractometer
using CuKa radiation over the angular range 10 to 70° 2 g counting continuously at 0.5
degreesmin™. Sample mass was approximately the same for al XRD runs.

Experimental Results: Shocked samples are characterized by significant peak
broadening. Half height, full width measurements indicate 0.1° increases in hkl(104) peak
width for the 48 GPa shock experiments. Figure 1. compares the hkl(104) peaks of calcite
and dolomite unshocked and shocked to 60 and 59 GPa respectively. Peak widths
measured on the spectra are corrected for instrumental errors by measurements on a
quartz standard. Calcite displays 0.075° broadening of the hkl(104) peak for the 60 GPa
shock experiment. Intensity of the 60 GPa pesk is approximately half that of the
unshocked peak. Dolomite displays a dlightly greater 0.145° broadening of the hkl(104)
peak. Intensity of this peak also decreases ( ~ one third of unshocked intensity) with
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increasing shock pressure. Hkl(110) and (113) peaks were aso measured and display
broadening. Although calcite and dolomite sustain measurable internal deformation,

significant proportions of both materials remain crystalline at shock pressures up to 60

GPa

a

d spacings (angstroms)

b- d spacings (angstroms)

D

egrees 2 theta

Degrees 2 theta

FN: msb_lspl.rd ID: MSB Limestone SCINTAB/USA FN; ms1s60.rd  10; MSB LS 60 SCINTAG/USA
DATE: 97/11/24 TIME 10:19  PT: 1.800 STEP: 0.030 WL 1.54060 WIE B8/1/11  TDE 1807 PT: 2.400 STEP 0.0 KL 154080
;3
oo B3 30 308 305 34 300 2% 295 28 3.0 3.08  3.05 3.08 3.00 298 295
q) = 800.0. 1 L 1 L : 1 i L 100
> Q
= 1350.04 K r90 720.0 190
3
= 1200.0 180 640.0 Lso
IS 1050.0. 70 560.0. 170
g 900.0 |50 180.0] 6o %
(0]
1% 750.0. 50 400.0. 150
c
5 600.0 40 320.0. 140
Q
o 450.0 t30 2400/ s
300.0 r2o 160.0. F20
150.0. Ho 80.0 Lo
S IP AT AAPARAER A s aaPA N SR nA SR AN A R A 0 8 AN SIS WA ey s
X . . . . . g . . 28.75 29.00 29.25 29.50 29.75  30.00  30.25
C. d.
PN msmo.rd 1D MSB M O SCINTAG/USA FN; mslsso.rd  10: NSB M 59 SCINTAG/USA
DATE: 98/1/11 TIME 1843  PT: 2.40%g STEP: 0.020 WL 1.54060 DATE: 98/1/11 TIME: 18:28  PT: 2.40Q, STEP: 0.020  HL: 1.54060
&
2.5 293 2.9 a.aaf 2.86 284 282 279 2.98 295 293 291 38 2.8 284 282 279
25000.04—L 1 1 V) 1 1 L 100 900.0. L 1 L 51 1 L 1 100
1 =
]
2500.0.] tao 810.0. Lo
9 2250
= | 20000.04 lso 720.0 Lso
[
é 17500.0 k7o 630.0 k7o
15000.0. ) 540.0. =
o) %
o | 1es00.0 lso 450.0 Lso
DB | 10000.0/ 140 360.0 L4o
c
> 7500.04 130 270.0 130
Q
QO | s000.04 £ 180.04 o
2500.0-{ Lto 90.04 Ho
L o e o WS SN LI i e 1 L e 2 e e e
30.25 30.50 30.75 31.00 31.25 31.50 31.75 32.00 30.00 30.25 30.50 30.75 31.00 31.25 31.50 31.75 32.00

Figure 1. Slow scan x-ray diffractograms of the hkl(104) peaks for unshocked calcite
(a), calcite shocked to 60 GPa (b.), unshocked dolomite (c.), and dolomite shocked to 59
GPa(d.). This peak broadens and loses intensity with increasing shock pressure, although
both calcite and dolomite samples retain their crystalline structure to ~60 GPa.
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